Patients with multiple myeloma (MM) have a median survival of 3 years when treated with standard-dose chemotherapy. An improved survival of approximately 18 months has been shown with high-dose therapy coupled with stem cell rescue (autologous stem cells transplantation, ASCT). However, despite initial good responses, most patients relapse.
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Traditional prognostic factors account for only 15-20% of outcome heterogeneity in MM patients. 1 New prognostic factors can also be considered relevant for the therapeutic response, such as single nucleotide polymorphisms (SNPs) in genes involved in the transport of antitumor drugs, and their impact could be established by a pharmacogenetic approach.
The reduced folate carrier (RFC1 or SLC19A1) plays an important role in transport of 5-methyltetrafolate into the cells and a lower expression has been associated with the resistance to folate antagonist drugs. 2 Pharmacogenetic studies investigating several targets of folate-related drugs used in the treatment of hematological malignancies have been recently reviewed and no clear evidence for the involvement of several known SLC19A1 polymorphisms emerged. 3 However, two new SNPs, in exon 4 (À254C4T, responsible for a synonymous substitution P232P, rs12659) and in exon 7 (À233G4T, rs1051296), have been identified but not yet studied for the impact on gene expression or function. An SLC influence on the outcome of dexamethasone-doxorubicin (adriamycin)-vincristine (DAV) chemotherapy followed by ASCT in patients with MM could be suggested from an increased sensitivity to doxorubicin as found in breast cancer cell lines transfected with SLC19A3. 4 We report the results of a pharmacogenetic study on 120 MM patients originating from the Italian population, enrolled between May 1999 and December 2004 in three different Italian centers. All of them were treated with the same chemotherapy regimen (dexamethasone 40 mg/m 2 , days 1-4; doxorubicin 50 mg/m 2 , day 1; vincristine 1 mg, day 1) therapy. Cyclophosphamide (4 g/m 2 ) and G-CSF (5 mg/kg/day) were used to mobilize peripheral blood stem cells. Melphalan (200 or 100 mg/m 2 , for patients over 65 years) was used as a conditioning regimen for each ASCT. A median of 4.5 Â 10 6 CD34 þ cells/kg was infused. All patients gave informed consent to therapy and transplantation. Disease status before chemotherapy or transplant and response to treatment were defined according to the European Group for Blood and Marrow Transplantation (EBMT). Complete response (CR) was defined as disappearance of M-component from both serum and urine (evaluated by immunofixation), associated with less than 5% plasma cells in bone marrow. Patients were defined as in partial response (PR) when the initial monoclonal protein value was reduced to less than 50% with stability of lytic bone lesions, correction of hypercalcemia, anemia and hypoalbuminemia. Stable disease (SD) was defined as the failure to achieve either CR or PR, while progression disease (PD) required at least a 25% increase in paraprotein or the development of new bone lesions. Proper staging of myeloma for evaluating prognosis and establishing the treatment plan was achieved with the DurieSalmon system that has been the most widely used myeloma staging system since 1975. At the time of diagnosis, hemoglobin, creatinine, b2 microglobulin and albumin serum levels were measured.
MM patients were consecutively selected whenever practically feasible; they were informed and gave written consent to participate in the study and allow their biological samples to be genetically analyzed. Approval of the study was given by the local ethical committee.
DNA was extracted from whole blood of each patient. Genotyping was carried out using the Taqman assay (ABI, Applied Biosystems, Foster City, CA, USA). The MGB Taqman probes and primers were synthesized by ABI (TaqMan SNP Genotyping Assays) that also provided standard PCR profile and reaction conditions. Homozygotes for the most frequent allele of each SNP were set as the reference class. Unconditional logistic regression was applied to calculate odds ratio (OR) and 95% confidence intervals (CIs). All ORs were adjusted by age and gender. Overall survival (OS) was calculated in months from diagnosis up to June 2006, considering a maximum of 60 months for each patient.
Cox regression analysis was applied to determine the contribution of age, sex, DAV and ASCT response on survival rate that was represented as Kaplan-Meyer survival curves (95% confidence limit). The SNPAlyze software package based on the expectation-maximization (EM) algorithm was used to estimate Lewontin's linkage disequilibrium (LD) coefficient (D 0 ) and the square of correlation coefficient (r 2 ). A total of 67 male and 53 female subjects were enrolled, with a mean age of 60.579.7 years at diagnosis (range, 34-83 years). The genotype frequencies obtained are in agreement with Hardy-Weinberg equilibrium and strong LD was observed between the two SNPs with values of D 0 4À0.957 and r 2 40.752. Two major haplotypes were found accounting for 93% of all haplotypes: TG (48%) and CT (45%).
The distributions of genotypes between male and female subjects were not significantly different.
Patient's response, evaluated 1 month after DAV therapy grouping CR þ PR versus SD þ PD, was not associated to any of the SLC19A1 polymorphisms (Table 1) .
At the time of analysis, most patients underwent tandem ASCT. One month after second transplantation, the response of 95 valuable individuals was categorized into two classes:
The distributions of the responses after transplantation were not significantly different between 55 male and 40 female subjects.
An improvement (27.4% CR þ PR versus 15.2% SD þ PD) was significantly associated with the SLC19A1 T-233T genotype (OR ¼ 0.24, 95% CI, 0.1-0.9, P ¼ 0.04; Table 1 ) taking into account age (P ¼ 0.09), sex (P ¼ 0.07) and CT response (P ¼ 0.82).
Up to now, survival analysis could only be performed on 64 patients (exposed to DAV therapy and tandem ASCT). Our preliminary data showed an OS mean value of 44 months (6-60 months) and suggested a longer OS for patients with SLC19A1 T-233T genotype (Figure 1 , for log-rank test P ¼ 0.05) that also showed a higher percentage of living people (93 vs 64%, P ¼ 0.03) with respect to patients with SLC19A1 G-233T and G-233G genotypes. The adjusted hazard ratio (HR) was 0.11 (95% CI, 0.01-1.01), computed with a Cox regression analysis, taking into account age, gender, DAV and ASCT response and traditional factors involved in MM prognosis. DAV and ASCT response resulted in significant association with a shorter OS, that is, non-responders showed a shorter OS; also hemoglobin and b2 microglobulin resulted associated with OS as previously reported from other authors. On the contrary, OS did not seem to be influenced by creatinine and albumin levels. Similar results were obtained for SLC19A1 C-254C_T-233T haplotype associated with a longer OS in line with LD data (Table 2) .
SLC19A1 T-233T genotype is associated with an improved response after treatment with melphalan and ASCT. Although a specific role of SLC19A1 in melphalan transport was not demonstrated, our result could be interpreted in the sense that this carrier might contribute to the uptake of the conditioning drug, as it was shown for other members of the SLC protein family. 5 Moreover, SLC19A1 T-233T seems to be associated with a longer survival in line with the precedent result; that is, a good ASCT response influence the disease progression and outcome.
Also the LD analysis and haplotype inference were exploited, that is of particular importance in order to better characterize the role of the candidate variants with unknown functional effect. 6 The two SNPs resulted in strong linkage disequilibrium, and, although the small group of patients tested, SLC19A1 haplotype (C232C_T-233T) seems to be associated with a longer OS also suggesting that an altered folate metabolism could decelerate disease progression and a fatal outcome. In fact, rapidly dividing cancer cells have an increased folate requirement for maintaining DNA synthesis. 7 Finally, folate involvement in MM has also been observed in a study on a specific polymorphism of 5,10-ámethylenetetrahydrofolate-reductase (MTHFR), responsible for folate metabolism and promoting DNA methylation. In particular, p16 hypermethylation, seemed to play a role in pathogenesis of myeloma and, for some authors, in overall survival. 8 In any case, further analyses must be performed to confirm our preliminary data. This is the first report demonstrating a predictive value of SLC19A1 genotypes for the outcome of DAV regimen followed by autologous transplantation in MM patients. These findings might have a significant impact on the management of MM patients, as alternative drug combinations become available. Therefore, we conclude that genetic variability may influence the outcome of MM therapy and pharmacogenetics may provide a tool for improving individualization of the therapy. However, the results cannot be generalized, as prognostic factors identified for a specific protocol can be of less importance for other protocols. For some polymorphisms, numbers do not sum up to the totals due to genotyping failure (due to low fluorescence signal intensity in the TaqMan assays). Chronic myelogenous leukemia (CML) and Ph-positive acute lymphoblastic leukemia (ALL) are caused by the fusion of the BCR gene to the ABL gene, which encodes a tyrosine kinase. The P190 and P210 are two main chimeric forms of the Bcr/Abl protein, with the P190 frequently associated with cases of ALL and P210 predominantly occurring in CML. 1 Development of inhibitors such as Imatinib, which specifically target the deregulated Bcr/Abl tyrosine kinase, has revolutionized the treatment of CML. 2 However, Philadelphia-positive ALL has a much less durable response to Imatinib and treatment options remain limited. 3 Therefore, the identification of signal transduction pathways that are perturbed by Bcr/Abl has become an important area of investigation, aiming to find additional molecular targets for treating this type of cancer. 4 We have previously identified the catalytic subunit of the serine/threonine kinase CK2 as an interacting partner for the Bcr/ Abl oncoprotein.
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5 CK2 activity is elevated in many kinds of tumors. 6, 7 Very specific inhibitors of CK2 have been developed. In previous experiments, we showed that one of these inhibitors, 4,5,6,7-tetrabromobenzimidazole (TBB), inhibited the growth of malignant pre-B lymphoblastic leukemia cells that express Bcr/ Abl P190. 5 However, this required relatively high concentrations of 60 mM TBB, to achieve this effect. We therefore compared TBB to a newly developed CK2 inhibitor, 2-dimethylamino-4,5,6,7-tetrabromo-1H-benzimidazole (DMAT). DMAT has the lowest K(i) value of all known CK2 inhibitors, and is cell permeable. 8 Based on reported ranges of efficacy, 7, 8 DMAT was tested at 5, 10 and 20 mM. We used the previously described PLC1 cell line, which was established from a P190 Bcr/Abl transgenic mouse that developed pro/pre-B lymphoblastic leukemia/lymphoma. 5 PLC1 cells were standardly maintained on irradiated primary mouse embryonic fibroblast feeder layers (MEFs). Cell viability was assessed on aliquots from individual wells using the trypan blue dye exclusion method. As shown in Figure 1a , 10 mM DMAT was very effective in inhibiting the proliferation of the lymphoblastic leukemia cells over a period of 2 days, and was superior to treatment with 60 mM TBB. At 22 h, there were no viable cells remaining in the wells treated with 20 mM DMAT (not shown). Treatment of two other leukemia lines derived from different individual BCR/ABL transgenic mice confirmed the effect of this drug on the leukemia cells (Figure 1b) . We also treated normal primary mouse fibroblasts with 10 mM DMAT to assess possible toxicity of this drug. As shown in Figure 1c , the drug inhibited proliferation of these cells, but did not cause significant cell death. Also, kidney, bone marrow and liver of mice treated for 25 days with twice daily intraperitoneal injections of 25 mg/kg DMAT were histologically normal (results not shown).
We routinely grow lymphoblastic leukemia cells in the presence of stroma to model drug treatment in the context of a defined microenvironment. However, as stroma is known to provide protection to lymphoblastic leukemia cells, we also evaluated the efficacy of DMAT in inhibiting proliferation of the leukemic cells under less protective conditions, in the absence of stroma. Moreover, drug studies performed by others usually do not include stromal support. As shown in Figure 2a , a large drop in viability was observed during the initial 2 days of treatment with 10 mM DMAT when the cells were co-cultured with stroma, but viable cells remained at 30 h. In contrast, when the cells were treated with DMAT in the absence of stromal support, almost no viable cells remained after 30 h of drug treatment (Figure 2b ). This shows that as a monotreatment, DMAT is able to effectively eradicate these malignant lymphoblasts.
Because of the potential problems of emerging drug resistance, therapy for human cancer is moving away from drug monotherapy, and towards treatment with more than one drug. Imatinib is the treatment of choice for CML, and therefore we evaluated the combined use of DMAT with Imatinib. As shown in Figure 3a , treatment with 10 mM Imatinib or 10 mM DMAT alone caused a substantial drop in cell viability over a period of Letters to the Editor
